INTRODUCTION
============

Most standard microbiology laboratory manuals include one or more laboratory activities that instruct students about how to determine the optimal physical growth conditions of microorganisms. In these activities, students are instructed to grow pure cultures of specific microorganisms under varying conditions (different pH, salt concentrations, or temperatures) and to score their growth after incubation. While these lab activities are easy for students to follow and reveal how different physical conditions influence microbial growth, they do not foster higher-order cognitive skills or effectively capture student interest. The Investigation of Optimal Growth activity allows an instructor to engage students in an inquiry-based approach to studying the physical growth requirements of microorganisms. In this activity, students design and implement an experiment to obtain pure cultures of specific microorganisms, with distinct optimal growth conditions, that are provided to them in a mixed culture. The activity reinforces one of the core competencies (application of the process of science) as described in the AAAS report on Vision and Change in the Undergraduate Biology Education ([@b1-jmbe-15-323]). Students practice their ability to apply their knowledge, problem solve, and evaluate data that may not match their initial predictions. It also reinforces the concept that microorganisms do not naturally live in pure culture and react less predictably when grown in a mixed culture.

PROCEDURE
=========

This laboratory activity accompanies a lecture component on microbial growth and factors that influence microbial growth. It is assumed that students have previously learned how to streak a plate, how temperature, pH, and salt influence the growth of microorganisms, and the basic terminology associated with these concepts (halophile, thermophile, and acidophile for example). Students are given the optimal growth conditions of a selection of organisms ([Appendix 1](#SD1){ref-type="supplementary-material"}) as well as the colonial morphologies and/or pigments produced by them. The instructor explains to the students that they will be given a mixed culture containing these organisms and will be expected to design a simple experiment where they can isolate each of them in pure culture on solid media. They should be able to identify (without any additional diagnostic tests) each organism based on their colony morphology and amount of growth under the various conditions they used to grow them. They are encouraged to use the fewest number of culture plates possible in their design.

The activity is most effective when using the "think, pair, share" model. Students individually design the experiment as homework and then return to lab to discuss their design with their team (two to three students per team). After the students debate their approaches within their team, each team writes a single protocol to use to implement their experiment. Each team must also make predictions concerning the amount of growth and the morphology of the various organisms under the different physical conditions before they attempt their experiment. The instructor should provide some guidelines to the students on what type of media would be available for their experiments and what temperatures would be available for incubation (see [Appendix 1](#SD1){ref-type="supplementary-material"}). In our experience, students can be very creative and an instructor may not have the correct media or enough incubators to accommodate them if they are not provided some initial guidelines. If an instructor has the ability to stretch this experimental design/implementation portion of the activity over two laboratory periods and is willing to prepare the materials requested by each group, then fewer guidelines can be given.

After their experiments are designed and protocols/predictions are written, instructors should evaluate and talk to each team before they implement their experiments. If their experiments and predictions are weak or unrealistic, an instructor can provide additional guidance or encourage them to think about their protocol and predictions more critically. Once their protocols are approved, the teams are given the opportunity to conduct their experiments. During the next laboratory period, the students collect their results and each team is asked to present their results and conclusions.

When we piloted the activity we provided descriptions for *Staphylococcus aureus*, *Halobacterium salinarium*, and *Serratia marcescens* and the students were told they would be provided with five different nutrient media that had different salt (NaCl) concentrations (1%, 5%, 10%, and 20% NaCl) and incubators with two different temperatures (25 and 37°C). These three organisms were ideal since they have three distinct colony morphologies. The activity can be adapted for any group of organisms that have distinct optimal growth conditions, and an instructor may also opt to provide a list of microorganisms and ask students to research their optimal growth conditions and colonial morphologies in the scientific literature (versus giving them this information).

Safety issues
-------------

Instructors should refer to the Biosafety guidelines published by ASM to review the safety precautions for working with BSL-1 (*H. salinarium* and *S. marcescens*) and BSL-2 organisms (*S. aureus*) ([@b2-jmbe-15-323]).

CONCLUSION
==========

In our pilot study, most of the groups are able to distinguish the microorganisms based on their colony morphology and growth under different conditions. The results the students achieve are often slightly different than what they predicted, which generates discussions on other factors that they are not initially asked to consider. For example, many groups predicted they could differentiate *S. marcescens* and *S. aureus* on a plate containing 1% salt that is incubated at 37°C. They explain that *S. marcescens* and *S. aureus* will grow to a similar extent, but *S. marcescens* will produce some pink pigment that will distinguish it from *S. aureus*. What they find is that the *S. marcescens* does not produce the pigment when it is grown with the *S. aureus* under those conditions (while it does produce some pigment when it is grown under the same conditions in pure culture). This provides the perfect opportunity to bring up the topic of the impact of competition on the growth of microorganisms.

The students appeared much more engaged in the activity than previous semesters when we used the traditional technique. Students indicated on surveys that they felt the initial experimental design was challenging, but they felt more confident after discussing their plan with other students and collaborating to produce a team design. Most students indicated they enjoyed designing their own method to isolate the organisms.

SUPPLEMENTAL MATERIALS
======================

1.  Appendix 1: Sample activity for students

2.  Appendix 2: Preparation guide for instructor

3.  Appendix 3: Pictures of sample results

Supplemental materials available at <http://jmbe.asm.org>

The authors declare that there are no conflicts of interest.
